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Abstract
It is plausible that (a) multimuon events observed in decp
inclastic muon scattering are manifestations of associated
charmed meson production and (b) the latter is responsible for
a sizable fraction of observed scaling violations at small

values of the scaling variable X.



During the past few years, systematic departures {rom scal-
ing havc been obscrved both in muon and clectron scattering cx-
pcrimcnts.l—s With increasing q2 {square of womentum transfer),
the nuclcon structure function vwz rises at small x and falls at
large x (= q2/2Mv with M the nucleon mass and v the energy of the
virtual photon). This pattern of scale violations has bcen com-
pared with theoretical predictions either phcnomonological4 or
derived from the quark structurc.of the nuclcon.S

The production characteristics of dimuons (uN =+ puN) and
trimuons {uN -+ puuN) observed in 150 GeV deep inelastic muon-
nucleus scattering were described previously.6 It was shown that
85% df the observed dimuons were unaccounted for by well-estab-
lished mechanisms. The total of eight kinematically fully recon-
structed trimuons can be divided into five "quiet" (inelasticity,
n < 0.2) and threec inelastic (n > 0.2) events. The main trimuon
backgrounds are assumed tc be direct pair production (elecctro-
magnetic tridents) and production of vector mesons, especially
$ because of its large (7%) wp decay branch. Their total con-
tribution is crudely estimated to be one trimuon (about 0.75
inelastic and 0.25 elastic cvents).

Since the experiment is biased towards detecting evénts at
large transverse momentum, an obvious mechanism for preducing
the extra muons is via associated production and decay of hcavy
particles. Among many possiblc muon progenitors the charm

carrying D-mcson appears the most likely candidate. The D-meson



origin of the muons has alrcady been suggested by several

authors’»8 along with brief analyses. The motivation of the pre-

sent work is to {a) trcat multimuon detection efficiencies real-
istically, (b) include inclastic trimuons in the analysis, and

(c) study the rclation of multimuons and scaling vieolation.

For any rcasonable model of multimuon production, the total
detection efficiency of the experiment is small. The rate of
multimuon production appears to be more sensitive to the model
assumed than is the shape of various kinematical distributions.
This is also truc of the background.6 For this reasons a care-
ful treatment of detection efficiencies is essential.9 Since
the scaling violation is most pronounced at small x, a cut of
0.015 < x < 0.075 has been made. Eighty percent of all dimuons
belong to this class as do two of three inelastic trimuons.

The basic model adopted for charmed meson production is that
of Bletzacker and Nieh7 {BN). Becausé trimuons are of interest
the BN formula is made to apply to DD pairs rather than to single
D production. * This differs insignificantly from BN ecxcept near
threshold, while treating the kinematics more accurately. The
production cross section is given by

dso

2, -4 +
— = (8wa"MEq )F ) (x,y){(P) (1)
dxdyd”p ¢h

where y = v/E with E the incident encrgy; ﬁ is the momentum of
the DD pair, a the finc structure constant and M the nuclcon

mass. The structure function Fch(x,y) is assumed to be



1 ha-m?f @

2.2 2 b 3
Fch(x,y) = Alq/y 44MD)]f{5-50)/b} c
where A is a normalization factor, HD = 1,86 GeV, s is thc square
of the invariant mass of the virtual photon-nucleon system, so'is
the threshold s for DD production and 5":’(q2 + 4 M%)/Z Mv. The
inclusive DD momentum distribution is taken to be

2
£(p) = Ne 2%Ze PPy (3)

where N is 2 normalization factor, zEpz/v with P, the longitud-
inal and Pt the transverse DD momentum {as noted above, in BN z
and p refer te 2 single D). The parameters a, b are fixed in
BR: a = 3andb = (M3« 0.03q7)7). In this work the weak q’
dependence of b is removed and a and b are left free. The ;n—
variant mass of the DD system is chosen from a theoretical dis-
tribution of associated production.10 The decay of DD is
assumed to be isetropic in the DD rest frame. To study trimuon
production the.correlation between the two D's is kept. The D

is assumed to decay11

into K*pv with a 10% branching ratio.
Characteristics of muon production according to thc above
model are calculated by Monte Carlo and the muons are then
traced through the apparatus. Multiple scattering, encrgy loss,
straggling, all relevant detail of target-dctector geometry,

magnetic fields, scanning criteria, known umcertainties in mo-

wentum reconstruction and the x- cut are included, Figure 1 pre-



sents a comparison of the calculated py distribution {of thc non-

leading muon) with cxperiment. In Figure 2 the 2! distribution

fir

is shown wherc 2' = pz/v (pz longitudinal momentum of non-
leading p). In both graphs calculation is normalized to the data.
¥ith the exception of a few high 2 high z' events (they are
strongly correclated) agreement is satisfactory.

In both Figures 1 and 2 the choice of parameters is a = 1,
b = 0.25. Ncither distribution is very sensitive to this choice,
a}éhough small b valucs are favored by the observed p; distfibu-.

12 Preliminary data from a higher energy éxpcriment13 also

tion.
support small b by comparing the ratio of dimuons produced at
each energy with calculation. This ratio is fairly sensitive to
the choice of b (it increases by a factor of two from b = 0.25
to b = 3) and also favors slightly the lower values of a. The
calculation predicts a (2p/3p) ratio of 25 which is quite in-
sensitive to the parameters and is well above the observed ratio
of 10 = 6.

By using -the observed dimuon rate to normalize BN predic-
tions, an estimate is madc of the increment in the structure
function, vK,. The x cut isclates the small x region where
scaling violation is most prominent. In Figure 3 the contribu-

14 is plotted as a function of a

tion to the scaling vieclation
for values of b = 0.25 and b = 3. If multimuons are indeccd

manifestations of charm onc must then conclude that associated
charm production is likely a sizeable component of the scaling

violation at small x.



Other variants of the model arc possiblc,15 besides those
illustrated in Figufc 3. The present apnalysis concerns only the
dominant momber of a sct of related process, e.g. D decays to
different final states such as Kpv, nnKpv, ctc, and associated
charmed ceson-baryon production. Based on simple total cross-
section estimates, prodﬁction of charged or neutral heavy lep-
tons and assoclated bottom quantum number carriers arc not ex-
pected to contribute significantly to the multimuon sample of
the present experiment.
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The value of a2 = 1 for DI production appears in conflict
with the obscrved distyibution of light hadrons (a = S},
see L. N. lland, in Proc. 1977 Int. Symp. on Lepton and
Photon Interactions at Hiech Incrgies, Hamburg, Germany,
(Avg., 1977). This dilfercnce can be explained by (a) a
dominantly diffractive DD production mechanism and (b)
the fact that lightcer mesons derive preferentially from
higher multiplicity cvents which tends to concentrate
their distribution at smaller values eof 27,

K. ¥W. Chen, in Proc. 1977 Int. Symp. on lepton and Photon

Intcractions at Hiph Encrpics, Hamburg, Germany, (Aug.,
1977).

The observed A[sz) in Figure 3 is derived by averaging

the measurc of scaling vioclation, (q2/3)[0'25 " 5), over
the dimuon data.

For examplec, the predicted dimuon rate is also somewhat
sensitive to the coefficient of x' in the exponential in
€2). Using a value of 8 (also sUggested by BN) instead
of 10 increcases the dimuon rate by about 25% and lowers
the predicted scale violation by this same amount. Note
also the dependence on the D branching ratio.
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Fig. 1. Transverse momentum distribution for the produced muon with
respect to the virtual photon direction. The solid curve is the prediction
of an associated charm production model.
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Fig. 2. Distribution of fractional lo:igitudinal momentum, z'. The solid
enrve is the prediction of an associated charm meson production model.
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